Experiencia en el uso de la Lógica Difusa para el Control del Seguimiento del Punto de Máxima Potencia en Convertidores para Módulos Fotovoltaicos  by Farfán, Roberto F. et al.
Revista Iberoamericana de Automática e Informática industrial 12 (2015) 208–217





























/RV VLVWHPDV IRWRYROWDLFRV SRU PXFKRV DxRV VH SUHVHQWDURQ
FRPR XQD EXHQD DOWHUQDWLYD SDUD OD HOHFWULILFDFLyQ HQ OXJDUHV
DLVODGRV \ HQ OD DFWXDOLGDG SXHGHQ XWLOL]DUVH FRPR FHQWUDOHV
HOpFWULFDVFRQHFWDGDVD ODUHGGHHQHUJtDFRQYHQFLRQDO0LNDWLHW
DO  3HUH] HW DO  (O DSURYHFKDPLHQWR ySWLPR GH OD
HQHUJtD TXH SURGXFH XQ FRQMXQWR GH PyGXORV IRWRYROWDLFRV
GHSHQGH GH SDUiPHWURV LQWHUQRV UHODFLRQDGRV FRQ VXV
FDUDFWHUtVWLFDVFRQVWUXFWLYDV \ FDOLGDGGH ODVFHOGDV IRWRYROWDLFDV
TXH OR FRQIRUPDQ FRPR DVt WDPELpQ GH SDUiPHWURV H[WHUQRV
FRPR OD LUUDGLDQFLD \ OD WHPSHUDWXUD 'H6RWRHW DO 3RU
RWUR ODGR WDPELpQHV LPSRUWDQWHHOSXQWRGHWUDEDMRTXHLPSRQH
XQDFDUJDDOFRQHFWDUVH\DTXHSRUORJHQHUDOHVWHSXQWRQRHVHO
GH SRWHQFLDPi[LPD (V SRU HOOR TXH ORV VLVWHPDV GHVDUUROODGRV





FRQWURO HQ OD YDULDFLyQ GH SRWHQFLD \ WHQVLyQ GHO VLVWHPD
IRWRYROWDLFR FRPR HO DOJRULWPR ³SHUWXUEDU \ REVHUYDU´ 3	2
PX\ XWLOL]DGR SRU VX VLPSOLFLGDG GH IXQFLRQDPLHQWR (VUDP \
&KDSPDQ
7DPELpQ VH HQFXHQWUDQ GHVDUUROORV EDVDGRV HQ ³DOJRULWPR
JHQpWLFR´ ³DOJRULWPRV QHXURGLIXVRV´ &KDRXDFKL HW DO 
FRPR WDPELpQ HQ ³OyJLFD GLIXVD´ .KDHKLQWXQJ \6LULVXN 
6KDNLO \ ,VPDLO  $]]RX]L  /D DSOLFDFLyQ GH HVWRV
DOJRULWPRV YDUtD HQ VX FRPSOHMLGDG \ VX YHORFLGDG GH
FRQYHUJHQFLDDO3033DUDDOJXQDVGHHVWDVDSOLFDFLRQHVVHGHEH
GLVSRQHU GHPLFURFRQWURODGRUHV FRQ GHWHUPLQDGDV FDUDFWHUtVWLFDV
SDUDUHDOL]DUHOFiOFXOR
(Q HVWH WUDEDMR VH SURSRQH XQ DOJRULWPR EDVDGR HQ OyJLFD
GLIXVD SDUD OD E~VTXHGD GHO SXQWR GHPi[LPD SRWHQFLD (VWD HV
XQD RSFLyQ DPSOLDPHQWH XWLOL]DGD HQ HO FRQWURO GH VLVWHPDV
GHELGRDTXHXQGLVHxRDGHFXDGRSHUPLWHYHORFLGDG\SUHFLVLyQHQ
OD OyJLFD GH FRQWURO /DV SULPHUDV DSOLFDFLRQHV GHVDUUROODGDV HQ
OyJLFDGLIXVDUHVSRQGHQDORVVLVWHPDVH[SHUWRVGHFRQWUROGLIXVR





HQ PDUFKD GHELGR D TXH LQLFLDOPHQWH VH QHFHVLWD YROFDU HO
FRQRFLPLHQWRGHODGLQiPLFDGHOVLVWHPDDFRQWURODUHQVXEDVHGH




S.L.U. Todos los derechos reservados
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IXQFLRQHV\UHJODVDVHJXUDXQEXHQIXQFLRQDPLHQWRGHO)/&HQHO
VLVWHPD 'HO %UtR \ 6DQ] 0ROLQD  $GTXLULU HO
FRQRFLPLHQWR GHO VLVWHPD TXH VH GHVHD FRQWURODU VH ORJUD SRU
PHGLR GH GDWRV TXH SHUWHQHFHQ DO VLVWHPD R VLPXODFLRQHV TXH
SHUPLWDQREWHQHUHVWDLQIRUPDFLyQ
3DUD HO VLVWHPD GHVDUUROODGR VH XWLOL]D FRPR HQWUDGD OD
YDULDFLyQ GH SRWHQFLD \ FRUULHQWH GHO PyGXOR )9 SDUD SHUPLWLU
XQDFRQYHUJHQFLDPiVUiSLGDDO303GHDFXHUGRD OD LUUDGLDQFLD





















(QHOJUiILFRVH LGHQWLILFD ODGLIHUHQFLDGHSRWHQFLDOHQWUH ORV
ERUQHV GHO PyGXOR FRQ OD YDULDEOH 9 \ OD FRUULHQWH TXH SXHGH
HQWUHJDUHOPLVPRFRQODYDULDEOH,/DVPDJQLWXGHVLQYROXFUDGDV









(Q GRQGH ,SK UHSUHVHQWD OD FRUULHQWH IRWRJHQHUDGD , OD
FRUULHQWHGHVDWXUDFLyQLQYHUVD9WHOYROWDMHWpUPLFRGDGRSRU
QV HO Q~PHUR GH FHOGDV IRWRYROWDLFDV FRQHFWDGDV HQ VHULH HQ HO





IXQFLyQ GH YDULDEOHV H[WHUQDV DO PyGXOR FRPR OD LUUDGLDQFLD
WHPSHUDWXUD \ SDUiPHWURV LQWHUQRV FRPR VX UHVLVWHQFLD VHULH
UHVLVWHQFLD SDUDOHOR HQWUH RWURV (O FRPSRUWDPLHQWR GH OD






,SKQ OD FRUULHQWH IRWRJHQHUDGD D :P \ D 7Q Į,VF HO
FRHILFLHQWHGHWHPSHUDWXUDGHFRUULHQWHGHFRUWRFLUFXLWR$.\
*Q OD LUUDGLDQFLD FRQ XQ YDORU GH  :P /D FRUULHQWH GH
























LQIOXHQFLDGD SRU OD WHPSHUDWXUD \ OD LUUDGLDQFLD OD UHVLVWHQFLD
VHULH VH WRPR FRQVWDQWH \D TXH VX YDULDFLyQ QR DIHFWD GH IRUPD
UHOHYDQWH OD HQHUJtD Pi[LPD TXH XQ PyGXOR SXHGH HQWUHJDU





6H REVHUYD TXH OD WHPSHUDWXUD GH FHOGD HV XQD YDULDEOH
LPSRUWDQWHHQHOPRGHODGRGHOPyGXOR)98QDVROXFLyQSUiFWLFD
SDUDVXGHWHUPLQDFLyQVHHQFXHQWUDHQODXWLOL]DFLyQGHHFXDFLRQHV











3DUD OD E~VTXHGD GHO 303 ORV VLVWHPDV GH VHJXLPLHQWR
XWLOL]DQ HQ JHQHUDO FLUFXLWRV HOHFWUyQLFRV FRQPXWDGRV GH DOWD
IUHFXHQFLD (VWRV FRQYHUWLGRUHV '&'& SHUPLWHQ PRGLILFDU OD





GH EDWHUtDV /RV PyGXORV DFW~DQ FRPR XQD IXHQWH GH FRUULHQWH
FRQHFWDGD HQ OD HQWUDGD GHO FRQYHUWLGRUPLHQWUDV TXH OD EDWHUtD
PDQWLHQH XQD WHQVLyQ FRQVWDQWH HQ OD VDOLGD (Q OD )LJXUD  VH

























































*77Į, , 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(O IXQFLRQDPLHQWR GHO FRQYHUWLGRU SXHGH GLYLGLUVH HQ GRV
SDUWHV FXDQGR HO 026)(7 FRQGXFH FRUULHQWH R HVWi FHUUDGR \
FXDQGRQRFRQGXFHFRUULHQWHR HVWi DELHUWR(VWH DFW~DFRPRXQ
LQWHUUXSWRUDOFHUUDUVHSRODUL]DHOGLRGRHQ LQYHUVDSURGXFLHQGR
DOPDFHQDPLHQWRGHHQHUJtD HQ HO LQGXFWRUGHELGRDO FUHFLPLHQWR
OLQHDOGHODFRUULHQWH+DUW$ODEULUVHHOGLRGRVHSRODUL]D
HQ IRUPD GLUHFWD FRQHFWDQGR HO LQGXFWRU \ OD EDWHUtD OD HQHUJtD
TXHDGTXLHUHHOLQGXFWRUHQHOSURFHVRGHFDUJDVHDOPDFHQDHQOD
EDWHUtD
(Q OD ELEOLRJUDItD VH SUHVHQWDQ GLIHUHQWHV PpWRGRV SDUD
GHWHUPLQDUXQDUHODFLyQHQWUHODWHQVLyQGHHQWUDGD\ODWHQVLyQGH
VDOLGD GHO FRQYHUWLGRU 'HO SODQWHR GH ODV HFXDFLRQHV SDUD HO
FRQYHUWLGRU%RRVWEDMRODVFRQGLFLRQHVGHRSHUDFLyQHQUpJLPHQ
SHUPDQHQWHWHQLHQGRHQFXHQWDTXHHOLQGXFWRUHQWRGRPRPHQWR
SHUPDQHFH FRQ FRUULHQWH OD WHQVLyQGH VDOLGD HV FRQVWDQWH \ ORV
FRPSRQHQWHV LGHDOHV VH REWLHQH XQD H[SUHVLyQ VHQFLOOD TXH
YLQFXODODHQWUDGD\VDOLGDGHOFRQYHUWLGRU+DUW(QVH






7 ILMR JHQHUDOPHQWH XQ SRUFHQWDMHGH HVWH WLHPSR HO WUDQVLVWRU
FRQGXFH\HO UHVWRSHUPDQHFHDELHUWR(VWHSRUFHQWDMHGHWLHPSR
HVWi UHODFLRQDGR FRQ OD YDULDEOH ' LQVHUWD HQ OD H[SUHVLyQ 
GHQRPLQDGD ³GXW\ F\FOH´ \ SXHGH YDULDU HQWUH FHUR \ XQR (O
WLHPSR GH FRQGXFFLyQ VH GHWHUPLQD GHO SURGXFWR'7PLHQWUDV
TXHHOWLHPSRGHFRUWHHV'7/DVHxDOPRGXODGDSXHGHVHU
JHQHUDGD GH GLIHUHQWHV PDQHUDV (Q HO WUDEDMR VH XWLOL]R XQ










(VWD~OWLPDH[SUHVLyQSHUPLWH FDOFXODU OD LQGXFWDQFLDPtQLPD
SDUD XQ DGHFXDGR IXQFLRQDPLHQWR GHO FRQYHUWLGRU HQ GRQGH I
UHSUHVHQWDODIUHFXHQFLDGHFRQPXWDFLyQ9%$7ODWHQVLyQGHVDOLGD
GHO FRQYHUWLGRU ǻ,)9 SXHGH ILMDUVH D SDUWLU GHO FiOFXOR TXH




/DH[SUHVLyQ RIUHFHXQ UHVXOWDGR VHQFLOOR \SUiFWLFR VL VH
GHVHDUHDOL]DUXQSULPHUDQiOLVLVGHOFRQYHUWLGRU6LQHPEDUJRHO
FRQYHUWLGRU LPSRQH XQD GLQiPLFD TXH GHEH DQDOL]DUVH HQ HO
WUDQVLWRULR GHO VLVWHPD $O UHDOL]DU XQ DQiOLVLV GH FLUFXLWRV
HOpFWULFRV HQ HO FRQYHUWLGRU %RRVW HQ HO PRGR FRUULHQWH GH
LQGXFWRUFRQWLQXRVHREWLHQHHOPRGHORHVSDFLRGHHVWDGRVVHxDO








YDULDFLyQ GHO ³GXW\ F\FOH´ GH OD IRUPD '   UHSUHVHQWD HO
SHTXHxRLQFUHPHQWRGHODFRUULHQWHHQHOLQGXFWRUODSHTXHxD
YDULDFLyQ GH WHQVLyQ HQ HOPyGXOR )9 \ 5/ OD UHVLVWHQFLD HQ HO
LQGXFWRU;LDRHWDO/DUHODFLyQQROLQHDOHQWUHODWHQVLyQ
\ FRUULHQWH GHO PyGXOR )9 VH HQFXHQWUD UHSUHVHQWDGD HQ OD
UHVLVWHQFLD GLQiPLFD U39 /D UHVLVWHQFLD GLQiPLFD U39 HV XQ
SDUiPHWUR TXH YDUtD HQ HO WLHPSR \ TXH GHSHQGH GHO SXQWR GH
RSHUDFLyQHQHOTXHVHHVWiWUDEDMDQGRHQODFXUYD,9'L
3LD]]D HW DO  /D H[SUHVLyQ SDUD HO FiOFXOR GH U39 SXHGH







/D H[SUHVLyQ  VH REWLHQH LGHDOL]DQGR HO SUREOHPD
GHVSUHFLDQGRHOWpUPLQRGHODH[SUHVLyQTXHHVWiGLYLGLGDSRU
53 3DUD HO PRGHOR XWLOL]DGR VXHOH DSUR[LPDUVH OD UHVLVWHQFLD




3DUWLHQGR GH ODV H[SUHVLRQHV  \  SXHGH REWHQHUVH OD








































































































(O HVWXGLR GH OD IXQFLyQ GH WUDQVIHUHQFLD SHUPLWH PHMRUDU OD
WpFQLFD GH FRQWURO D WUDYpV GH OD GHWHUPLQDFLyQ GH XQ DGHFXDGR
WLHPSRGHPXHVWUHRWP(QGLIHUHQWHVWUDEDMRVVHDQDOL]DTXHXQ
DGHFXDGRWLHPSRGHPXHVWUHRVHREWLHQHDQDOL]DQGRHOWUDQVLWRULR
GHO VLVWHPD 3DUWLHQGR GH OD IXQFLyQ GH WUDQVIHUHQFLD SXHGH





SRWHQFLD HQ HO WUDQVLWRULR GHO VLVWHPD HQ ORV FDPELRV GH ³GXW\
F\FOH´ XQ YDORU DGHFXDGR SDUD HVWD YDULDEOH SXHGH FRQVLGHUDUVH





)9 FRQ PHGLGDV GLUHFWDV GH LUUDGLDQFLD JOREDO WHPSHUDWXUD
DPELHQWH \ PHGLGDV LQGLUHFWDV GH WHPSHUDWXUD GH FHOGD /RV
HQVD\RV VH UHDOL]DURQ HQ HO FDPSR GHO ,1(1&2 XELFDGR HQ





















92&9 ,6&$ 9039 ,03$
   

(VWRVVHFRQHFWDURQHQSDUDOHOR\VHUHDOL]DURQPHGLDVGHVXV
FXUYDV ,9 /D LQIRUPDFLyQ REWHQLGD GH ORV HQVD\RV SHUPLWH
GHWHUPLQDU ORVSDUiPHWURVSHUWHQHFLHQWHV DO FRQMXQWR3RUPHGLR
GH HVWRV GDWRV VH SXHGHQ UHDOL]DU VLPXODFLRQHV XWLOL]DQGR HO
PRGHOR GHVFULSWR EDMR GLVWLQWDV FRQGLFLRQHV GH LUUDGLDQFLD \





















REWLHQHQ ORV SDUiPHWURV TXH EULQGDQ LQIRUPDFLyQ DFHUFD GH VXV
FDUDFWHUtVWLFDV HOpFWULFDV ,SK , 5V 5S \ 9W /D FRUULHQWH ,SK
SXHGH DSUR[LPDUVH D ,FF SHUR HO UHVWR QR SXHGHQ PHGLUVH GH




, $ HO GH FRUULHQWH GH FRUWR FLUFXLWR 9 9 H , ,FF \ HO GH
Pi[LPD SRWHQFLD 9 9PS H , ,PS (VWD LQIRUPDFLyQ
FRPSOHPHQWDGDFRQODGHULYDGDGHDSOLFDGDHQORVSXQWRV
GHFRUULHQWHGHFRUWRFLUFXLWR\WHQVLyQGHFLUFXLWRDELHUWREULQGDQ
HO FRQMXQWR GH HFXDFLRQHVPHGLDQWH OD FXDO VH SXHGH UHDOL]DU HO
FiOFXOR GH ORV SDUiPHWURV 5HPXV 7HRGRUHVFX \ 5RGUtJXH]












































212 R.F. Farfán et al. / Revista Iberoamericana de Automática e Informática industrial 12 (2015) 208–217 
VHUHDOL]RXWLOL]DQGRHOFLUFXLWRGHVFULSWRHQOD)LJXUDXWLOL]DQGR
HOFRQYHUWLGRU%RRVWYDULDQGRVXFLFORGH WUDEDMRGHDO
(O WUD]DGR GH OD FXUYD VH LQLFLD VHQVDQGR OD LUUDGLDQFLD \ OD
WHPSHUDWXUDHQ OD FDUDSRVWHULRUGHOPyGXOR\SRUFDGDYDORUGH
³GXW\ F\FOH´ VH SURPHGLD GLH] YHFHV OD WHQVLyQ \ FRUULHQWH
HQWUHJDGDSRUORVPyGXORV(QOD)LJXUDVHREVHUYDODFXUYD,9
GHORVPyGXORV)9FRQHFWDGRVHQSDUDOHORXWLOL]DGRPHGLGREDMR
GLIHUHQWHV FRQGLFLRQHV GH LUUDGLDQFLD \ WHPSHUDWXUD GH FHOGD
:PD&:PD&\:PD&
/RVSXQWRVSURYHQLHQWHVGHODVFXUYDV,9GHORVPyGXORV)9







92&9 ,6&$ 9039 ,03$
   

/DLQIRUPDFLyQHQWUHJDGDSRUODFXUYD,9H[WUDSRODGDSHUPLWH
HQFRQWUDU ORV SDUiPHWURV DSUR[LPDGRV GHO FRQMXQWR HQVD\DGR





56ȍ 53ȍ 9WQ9 ,SKQ$ ,Q$
    

/RV SDUiPHWURV REWHQLGRV EULQGDQ WRGD OD LQIRUPDFLyQ GHO
FRQMXQWRGHPyGXORV)9EDMRFRQGLFLRQHVLGHDOHV(VWRVGDWRVVH
XWLOL]DQSDUDFRPSOHWDUHOPRGHORGHVFULWRLQLFLDOPHQWH\SHUPLWH
SUR\HFWDU VLPXODFLRQHV GHO FRPSRUWDPLHQWR GHO FRQMXQWR GH
PyGXORVEDMRGLIHUHQWHVFRQGLFLRQHVGHLUUDGLDQFLDWHPSHUDWXUD\
FDUJD
/D LUUDGLDQFLD \ OD WHPSHUDWXUD GH FHOGD DIHFWDQ GH PDQHUD
GLUHFWDODYDULDFLyQGHHVWRVSDUiPHWURVHVSRUHOORTXHSDUDFDGD
SDU SXHGH REWHQHUVH XQD FXUYD ,9 GLIHUHQWH 5XV&DVDV HW DO
(QOD)LJXUDVHREVHUYDODVLPXODFLyQGHODVFXUYDV,9


















(Q OD )LJXUD  VH REVHUYD OD LQIRUPDFLyQ REWHQLGD GH OD



















/RV PpWRGRV GHVDUUROODGRV SDUD OD E~VTXHGD GHO 303
XWLOL]DQFRPRVHxDODFWXDQWHGHFRQWUROODYDULDEOH³GXW\F\FOH´
\D TXH VX FDPELR SHUPLWH PRGLILFDU OD WHQVLyQ GH WUDEDMR GHO




FRQWURO SDUD XQ FRQYHUVRU '&'& GHILQLGR VH HQFXHQWUD HQ OD
HVWUDWHJLD XWLOL]DGD TXH SRU OR JHQHUDO FRPELQD YHORFLGDG \
HVWDELOLGDGHQHOSURFHVRGHE~VTXHGD
(O DOJRULWPR 3	2 VH HQFXHQWUD HQWUH ORV PpWRGRV PiV
XWLOL]DGRV SDUD OD LPSOHPHQWDFLyQ GH XQ VHJXLGRU GH Pi[LPD
SRWHQFLD 6X XWLOL]DFLyQ VH GHEH D VX VLPSOLFLGDG GH
IXQFLRQDPLHQWR\EDMDFRPSOHMLGDGSDUDVXLPSOHPHQWDFLyQILQDO
(VUDP \&KDSPDQ(OPpWRGRXWLOL]D FRPRYDULDEOHV GH






















(Q HO GLDJUDPD VH REVHUYD TXH FDGD GHFLVLyQ GHO DOJRULWPR
QHFHVLWDGHODPHGLGDPtQLPDGHGRVSXQWRVGHODFXUYD39GHO
FRQMXQWRGHPyGXORV/DFRQVWDQWH&HQHOGLDJUDPDGHIOXMRHVOD
SHUWXUEDFLyQ R HO WDPDxR GHO SDVR HQWUH GLVWLQWRV SXQWR GH OD
FXUYD 39 (VWD YDULDEOH HV IXQGDPHQWDO HQ OD YHORFLGDG GH
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FRQYHUJHQFLD GHO DOJRULWPR0LHQWUDV VHD SHTXHxD OD YHORFLGDG
GH FRQYHUJHQFLD VHUi PHQRU VLQ HPEDUJR HVWD FRQGLFLyQ HV
QHFHVDULD HQ ORV SXQWRV FHUFDQRV DO GH Pi[LPD SRWHQFLD (O
PpWRGR RIUHFH XQD VROXFLyQ SUiFWLFD DO SODQWHR GHO VHJXLPLHQWR





/RV FiOFXORV TXH VH UHDOL]D HQ XQ )/& LPSOHPHQWDGR FRPR
OyJLFDGHFRQWUROSDUDXQVLVWHPDGHVHJXLPLHQWRHVPD\RUTXHHO
UHDOL]DGR XQ DOJRULWPR LPSOHPHQWDQGR HO PpWRGR 3	2 6LQ
HPEDUJR VX YHORFLGDG GH FRQYHUJHQFLD HV PD\RU \ ODV
IOXFWXDFLRQHV HQ HO SXQWR GH Pi[LPD SRWHQFLD PHQRUHV
.KDHKLQWXQJ\6LULVXN$]]RX]L
/RV )/& LPSOHPHQWDGRV FRPR OyJLFDV GH FRQWURO HQ ORV
VLVWHPDVGHVHJXLPLHQWRVXHOHQXWLOL]DUGRVYDULDEOHVGHHQWUDGD
OD³SHQGLHQWH´GHODFXUYD39(GHOFRQMXQWRGHPyGXORV)9\
VX YDULDFLyQ '( (O FDPELR GH ³GXW\ F\FOH´ HQ HO SURFHVR GH
E~VTXHGDSURGXFHXQDYDULDFLyQHQODPHGLGDGHODSHQGLHQWH(Q
ORV DOUHGHGRUHV GHO SXQWR GH Pi[LPD SRWHQFLD OD SHQGLHQWH







/D YDULDFLyQ GH OD SHQGLHQWH VH DSUR[LPD D FHUR HQ
LQPHGLDFLRQHVGHO303(VWDYDULDEOHLQGLFDVLHOSXQWRGHWUDEDMR
DFWXDOHVHOEXVFDGRHVSRUHOORTXHODPLVPDWDPELpQVHXWLOL]D





'LIHUHQWHV DXWRUHVXWLOL]DQSDUD HO GLVHxRGHO )/& IXQFLRQHV
WULDQJXODUHV SDUD OD IX]]LILFDFLyQ UHJOD GHO PtQLPR SDUD OD


















SRWHQFLD HO )/& QHFHVLWD OD LQIRUPDFLyQ GH WUHV SXQWRV GH OD
FXUYD39FRPRPtQLPR(VWDLQIRUPDFLyQJHQHUDXQDVDOLGDTXH
DFW~D FRPR JDQDQFLD VH YLQFXOD FRQ HO ³GXW\ F\FOH´ \ SHUPLWH
PRGLILFDUODSRWHQFLDHQODE~VTXHGD/DUHVSXHVWDTXHEULQGDXQ




GH VHJXLPLHQWR QR VLHPSUH DVHJXUD YHORFLGDG HQ HO FRQWURO GH
E~VTXHGD(VWRVHGHEHDTXHHOSODQRGHFRQWUROGHEHGHILQLUVHHQ
IXQFLyQ GH OD LQIRUPDFLyQ GHO FRQMXQWR GH PyGXORV TXH VH
PDQHMDUiHQHOVHJXLPLHQWRFRPRODSRWHQFLDGHODUUHJOR
$OJRULWPRLPSOHPHQWDGR
(Q HO SUHVHQWH WUDEDMR VH EXVFy GHVDUUROODU XQ )/& TXH
FRPELQH OD VLPSOH]D GHO PpWRGR 3	2 \PDQWHQJD XQD HOHYDGD
YHORFLGDGGHFRQYHUJHQFLDFDUDFWHUtVWLFRGHHVWH WLSRGHFRQWURO
3DUDHOORDGLIHUHQFLDGHODVYDULDEOHVGHHQWUDGDLPSOHPHQWDGDV
HQ HO )/&GHVFULSWR HQ OD VHFFLyQ VH FDPELDURQ ODVPLVPDV
XWLOL]iQGRVHODYDULDFLyQGHSRWHQFLD\ODFRUULHQWHHQHOSXQWRGH
WUDEDMR /D YDULDFLyQ GH OD SRWHQFLD WLHQGH D FHUR HQ
LQPHGLDFLRQHVGHOSXQWREXVFDGR(Q OD)LJXUD VHREVHUYD OD
VLPXODFLyQ GH OD YDULDFLyQ GH SRWHQFLD DPHGLGD TXH FDPELD HO

















/D E~VTXHGD FRPLHQ]D WRPDQGR XQ YDORU GH SRWHQFLD
GHQRPLQDGD³LQLFLDO´UHODFLRQDGDFRQXQDWHQVLyQGHWUDEDMR/D
PRGLILFDFLyQGHODWHQVLyQGHWUDEDMRSRUPHGLRGHO³GXW\F\FOH´
SURGXFH XQ QXHYR YDORU GH SRWHQFLD GHQRPLQDGD ³SRVWHULRU´ OD
YDULDFLyQVHGHWHUPLQD UHVWDQGRODSRWHQFLD³SRVWHULRU´PHQRVOD
SRWHQFLD³LQLFLDO´6LODYDULDFLyQGHSRWHQFLDHVGLIHUHQWHGHFHUR
OD ³SRWHQFLD SRVWHULRU´ HV WRPDGD FRPR SRWHQFLD ³LQLFLDO´ \ OD
WHQVLyQ GH WUDEDMR YXHOYH D PRGLILFDUVH SDUD WRPDU XQD QXHYD
SRWHQFLD ³SRVWHULRU´ /D YDULDFLyQ GH SRWHQFLD VH XWLOL]D SDUD
GHWHUPLQDU VL HQ HO SXQWR GH WUDEDMR DFWXDO HV HO GH Pi[LPD
SRWHQFLDXWLOL]iQGRVHSDUDWDOILQVRORGRVSXQWRVGHODFXUYD3
9(QOD)LJXUDVHREVHUYDXQDVLPXODFLyQGH ODYDULDFLyQGH
SRWHQFLD HQ IXQFLyQ DO Q~PHUR GH LQFUHPHQWRV GH YROWDMH
UHDOL]DGRV
/DFRUULHQWHGH WUDEDMRVHXWLOL]DFRPRYDULDEOH UHODFLRQDGDD
OD YHORFLGDG GH FRQYHUJHQFLD \D TXH HVWD FUHFH GH IRUPD
SURSRUFLRQDO D OD LUUDGLDQFLD FRPR VH REVHUYD HQ OD VLPXODFLyQ
PRVWUDGDHQOD)LJXUD$PHGLGDTXHODLUUDGLDQFLDDXPHQWDOD
SRWHQFLDTXHSXHGHHQWUHJDUHOFRQMXQWRGHPyGXORV)9HVPD\RU
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SRWHQFLD VHUi PD\RU LQGHSHQGLHQWHPHQWH VL OD E~VTXHGD
FRPLHQ]D HQ OD WHQVLyQ GH FLUFXLWR DELHUWR R XQDPHQRU (V SRU
HOORTXHHVWDYDULDEOHHQHOSODQRGHFRQWUROGHEHUHODFLRQDUVHFRQ
OD JDQDQFLD R VDOLGD VL OD FRUULHQWH GH WUDEDMR HV HOHYDGD OD
JDQDQFLD GH VDOLGD GHEH VHU HOHYDGD HQ YDULDFLRQHV GH SRWHQFLD
DOWDV \ WHQGHU D FHUR D PHGLGD TXH OD YDULDFLyQ GH SRWHQFLD
GLVPLQX\H
(O GLVHxR GHO )/& VH UHDOL]y LQLFLDOPHQWH XWLOL]DQGR HO
SURJUDPD;IX]]\  (VWH SURJUDPD SHUPLWH HO GHVDUUROOR GH
VLVWHPDV GLIXVRV \ FRPELQD XQ FRQMXQWR GH KHUUDPLHQWDV TXH
IDFLOLWDQ ODVGLVWLQWDV HWDSDVGHOSURFHVRGHGLVHxR(QHOEORTXH
)X]]\ILFDGRU VH GHILQLHURQ ODV IXQFLRQHV GH SHUWHQHQFLD TXH
IRUPDQORVFRQMXQWRVGHHQWUDGD3RWHQFLD\&RUULHQWH(OSULPHUR
UHSUHVHQWDODGLIHUHQFLDGHSRWHQFLDWRPDGDHQWUHGRVSXQWRVGHOD
FXUYD 39 PLHQWUDV TXH HO FRQMXQWR ³&RUULHQWH´ UHSUHVHQWD OD















































&DGD UHJOD VH GHVDUUROOy GH DFXHUGR DO DQiOLVLV GH OD
LQIRUPDFLyQHQWUHJDGDSRUODVFXUYDVGHOD)LJXUD\HQEDVHDOD
YDULDFLyQGHFRUULHQWHHQHO UHFRUULGRGHE~VTXHGD(Q OD)LJXUD



















(O XQLYHUVR GH GLVFXUVR GHILQLGR HQ HO FRQMXQWR GH HQWUDGD
³&RUULHQWH´UHVSRQGHDOUDQJRGHFRUULHQWHTXHVHHVSHUDTXHORV
PyGXORV)9JHQHUHQ(OGRPLQLRGHILQLGRFRQWHPSODODFRUULHQWH
GH FRUWR FLUFXLWR ,6&EDMR FRQGLFLRQHV HVWiQGDU FRPR LQGLFD OD
WDEOD  (Q OD ]RQD GRQGH VH UHDOL]DURQ ORV HQVD\RV VXHOHQ
GHWHFWDUVH YDORUHV GH LUUDGLDQFLD TXH VXSHUDQ FRQ IUHFXHQFLD ORV
:P HV SRU HOOR TXH XQ YDORUPi[LPRGH $ VH GHILQLy
FRPROtPLWHSDUDHVWHFRQMXQWRGHHQWUDGD(OFRQMXQWRGHHQWUDGD
FRUULHQWH UHVSRQGH D FDUDFWHUtVWLFDV HOpFWULFDV GH ORV PyGXORV
FRPR VH HVSHFLILFD HQ OD WDEOD  HV SRU HOORTXH HO XQLYHUVR GH





YDORU LQGLFD OD YDULDFLyQ GH SRWHQFLDPi[LPD TXH HO )/& WRPD
SDUDFRPHQ]DUDYDULDUVXVDOLGD\ORJUDUTXHHOVLVWHPDFRQYHUMD
DO 303(Q FDVRGH TXH HO FDPELR GHSRWHQFLD VHDPD\RU D ORV
:HOVLVWHPDWRPDODHQWUDGDFRPRPi[LPD
(OXQLYHUVRGHGLVFXUVRGHOFRQMXQWRGHVDOLGDVHGHILQLyHQWUH
 \ (VWRV YDORUHV LQGLFDQ OD YDULDFLyQ GH ³GXW\ F\FOH´ TXH
LPSRQHHOVLVWHPDGHFRQWUROHQODE~VTXHGDGHO3036LHOYDORU




(O SDUiPHWUR Ȝ GH OD H[SUHVLyQ  DO PXOWLSOLFDUVH SRU HO











 ,3VDOLGDQ. ' ' O
 Q.Q.Q. ' 
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(OSDUiPHWURȜLQGLFDTXHWDQJUDQGHHVODYDULDFLyQGH³GXW\





LQLFLDUVH XQD E~VTXHGD (Q OD )LJXUD  VH FLWDQ GRV FDVRV
JHQHUDOHVLQLFLRGHODE~VTXHGDHQHOSXQWRGHWHQVLyQGHFLUFXLWR













6L OD E~VTXHGD VH LQLFLD HQ HO SXQWR GH WHQVLyQ GH FLUFXLWR
DELHUWRHOVHJXLPLHQWRHQOD)$0FRPHQ]DUiHQOD]RQDGRQGHVH
HQFXHQWUD OD IOHFKD D \D TXH OD FRUULHQWH GHEHUtD VHU EDMD \ OD
GLIHUHQFLDGHSRWHQFLDDOWD/DVDOLGDVHYLQFXODFRQODVUHJODVTXH
VH DFWLYDQ GH DFXHUGR D OD HQWUDGD HQ HVWD ]RQD VH REVHUYD XQD
VDOLGD LQWHUPHGLD \D TXH HQ OD VLWXDFLyQ SODQWHDGD OD SRWHQFLD




SDVRV PiV JUDQGH (Q LQPHGLDFLRQHV GHO SXQWR EXVFDGR OD
YDULDFLyQ GH SRWHQFLD GLVPLQX\H DO LJXDO TXH OD VDOLGD FRPR
LQGLFD OD IOHFKD D (VWH FRPSRUWDPLHQWR SURGXFH XQD YDULDFLyQ
PtQLPDHQHO³GXW\F\FOH´RWRUJDQGRPD\RUSUHFLVLyQDOILQDOL]DU
ODE~VTXHGD
6L OD E~VTXHGD VH LQLFLD HQ HO SXQWR GH FRUULHQWH GH FRUWR
FLUFXLWR HO VHJXLPLHQWR HQ OD )$0 SXHGH FRPHQ]DU HQ OD ]RQD
GRQGH VH HQFXHQWUD OD IOHFKDE \DTXH OD FRUULHQWH HV DOWD \ OD
GLIHUHQFLDGHSRWHQFLDDOWD6LODFRUULHQWHHVHOHYDGDODSRWHQFLD
TXHSXHGHHQWUHJDUHOPyGXORWDPELpQHVHOHYDGDSRUORWDQWROD




VDOLGDGHEHGLVPLQXLUFRPR LQGLFD OD IOHFKDE&HUFDGHOSXQWR
GHVHDGR OD YDULDFLyQ GH SRWHQFLD GLVPLQX\H GLVPLQX\HQGR OD
VDOLGD \ HQWUHJDQGR XQD YDULDFLyQ PtQLPD HQ HO ³GXW\ F\FOH´
FRPRLQGLFDODIOHFKDE

 6LPXODFLyQ GHO VLVWHPDGH E~VTXHGD GH SXQWR GHPi[LPD
SRWHQFLD





FRQ RWURV DOJRULWPRV (QWUH ORV PpWRGRV PiV XWLOL]DGRV SDUD OD
E~VTXHGDGHO303VHHQFXHQWUDHODOJRULWPR3HUWXUEDU2EVHUYDU
3	2 GHELGR D VX VLPSOLFLGDG GH IXQFLRQDPLHQWR \ VX JUDQ
SRSXODULGDGHQWUHORVPpWRGRVGHVHJXLPLHQWR(VSRUHOORTXHHQ
HO WUDEDMR VH FRPSDUy OD UHVSXHVWD GHO DOJRULWPR 3	2 FRQ OD
UHVSXHVWDGHODOJRULWPRSURSXHVWR
/DV VLPXODFLRQHV UHSUHVHQWDQ OD E~VTXHGD GHO 303 EDMR
GLIHUHQWHVFRQGLFLRQHVGH LUUDGLDQFLD\ WHPSHUDWXUDXWLOL]DQGRHO
VRIWZDUH 6FLODE SDUD UHVROYHU ODV H[SUHVLRQHV  \   D
PHGLGDTXHFDPELD ODUHVLVWHQFLDGLQiPLFD U39 HQHOSURFHVRGH
E~VTXHGD 3DUD JHQHUDU ODV IXQFLRQHV GHO )/& VH XWLOL]R;IX]]\








(OFRQYHUWLGRU UHDO VHGHVDUUROORSDUD WUDEDMDUFRQXQSHULRGR
GH3:0GH VHJXQGRV VHXWLOL]yXQD LQGXFWDQFLDGH
ȝ+\XQFDSDFLWRUGHHQWUDGDGHȝ)(VWDLQIRUPDFLyQHV~WLO
SDUD FRPSOHWDU HO PRGHOR GHO FRQYHUWLGRU \ SDUD GHWHUPLQDU XQ
WLHPSR DGHFXDGR GH PXHVWUHR WP (O WLHPSR WP SXHGH
GHWHUPLQDUVH GH  WRPDQGR FRPR UHIHUHQFLD HO SXQWR GH
Pi[LPD SRWHQFLD EDMR FRQGLFLyQ HVWiQGDU GH OD WDEOD  \ HO
FDSDFLWRU GH HQWUDGD &  ȝ) 8WLOL]DQGR HVWRV YDORUHV VH
REWLHQH XQ Wƃ   V FRPR HO WP GHEH VHUPD\RU VH GHFLGLy
WRPDUXQWP V3DUDODVLPXODFLyQGHODVGLIHUHQWHVOyJLFDVGH
FRQWURO VH WRPRHOPLVPR WP \ VHHVWXGLDURQ OD UHVSXHVWDVGH ODV
PLVPDVHQXQDPSOLRUDQJRGHLUUDGLDQFLD\WHPSHUDWXUDGHFHOGD
3DUD HO DOJRULWPR 3	2 VH FRQVLGHUR XQ FDPELR GH GXW\ F\FOH
FRQVWDQWHGHOPLHQWUDVTXHSDUDHOFRQWURO)/&XQFDPELRGH
³GXW\F\FOH´Pi[LPRGHO(QODVVLPXODFLRQHVVHPXHVWUDQORV
UHVXOWDGRV GH OD YDULDFLyQ GH     \    HQ IXQFLyQ GHO WLHPSR D
PHGLGD TXH ORV DOJRULWPRV UHDOL]DQ HO SURFHVR GH E~VTXHGD GHO
303(QOD)LJXUDVHREVHUYDODYDULDFLyQGHFRUULHQWHHQHO
























(Q OD )LJXUDV VH REVHUYD TXH HO )/& WLHQHPD\RU YHORFLGDG GH
FRQYHUJHQFLDDO303DSUR[LPDGDPHQWHYHFHVPiVUiSLGRTXH
39YÖ /LÖ
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3DUD OD LPSOHPHQWDFLyQ ILQDO HQ HO FRQYHUWLGRU '&'& VH
XWLOL]R HO 026)(7 ,5) \ OD OyJLFD GH FRQWURO VH
LPSOHPHQWR HQ XQ PLFURFRQWURODGRU GH 0LFURFKLS
3,&0;)+ (O PLFURFRQWURODGRU VH FRQHFWD D XQD 3&
YtD 86% XWLOL]DQGR HO FKLS )75 FRPR VH REVHUYD HQ HO
HVTXHPDGH OD)LJXUD/DFRQH[LyQ86%SXHGHXWLOL]DUVHSDUD
HQYLDU LQIRUPDFLyQ GHVGH XQD 3& DO PLFURFRQWURODGRU R UHFLELU
LQIRUPDFLyQGHOVLVWHPD)9D WUDYpVGHOPLFURFRQWURODGRU(QHO
WUDEDMR VH XWLOL]DURQ HVWDV SURSLHGDGHV SDUD UHDOL]DU XQ HVWXGLR
GHWDOODGRGHOFRQWURODGRUGHVDUUROODGR\DOPDFHQDUHQXQD3&OD
LQIRUPDFLyQ REWHQLGD /DV PHGLGDV UHDOL]DGDV HQ HO WUDEDMR VH
UHDOL]DURQXWLOL]DQGR ORV VHQVRUHVTXHGHVFULWR HQ OD WDEODSRU










/D SURJUDPDFLyQ GHOPLFURFRQWURODGRU VH UHDOL]R HQ OHQJXDMH
& PLQLPL]DQGR HO FyGLJR JHQHUDGR SRU ;IX]]\  (VWR
SHUPLWH RSWLPL]DU ODV GLIHUHQWHV SURSLHGDGHV GHO
PLFURFRQWURODGRU
/D SUXHED GHO VLVWHPD FRQVLVWH HQ OD E~VTXHGD GHO SXQWR GH
Pi[LPDSRWHQFLD D OR ODUJRGHXQGtD \ FRPSDUDU ORV UHVXOWDGRV
PHGLGRV FRQ ORV HVSHUDGRV REWHQLGRV GH OD VLPXODFLyQ (Q OD
)LJXUDVHREVHUYDODLUUDGLDQFLDJOREDOPHGLGDTXHOOHJDDORV
PyGXORV)9HQHOHQVD\RUHDOL]DGRDORODUJRGHXQGtD
(Q ORV HQVD\RV VH PLGLHURQ OD WHPSHUDWXUD DPELHQWH \ OD
WHPSHUDWXUD HQ OD FDUD SRVWHULRU GHO PyGXOR XWLOL]iQGRVH HQ
DPERV FDVRV XQ FLUFXLWR LQWHJUDGR /0 /D PHGLGD GH HVWD






































/D WHPSHUDWXUDGH FHOGD WLHQH JUDQ LPSRUWDQFLD HQ HOSODQWHR
GH ODV VLPXODFLRQHV GHELGR D TXH HVWD ~OWLPD HV QHFHVDULD SDUD
FRUURERUDU HO FRUUHFWR IXQFLRQDPLHQWR GHO FRQWURO GHO )/&
GHVDUUROODGR(QODV)LJXUDVHREVHUYDTXHHOVHJXLPLHQWRGHO
303 VH UHDOL]y GH IRUPD DGHFXDGD \ SUHFLVD /RV YDORUHV GH




SXHGH REVHUYDUVH TXH HO VHJXLPLHQWR VH UHDOL]R GH OD IRUPD





















































SRU PHGLR GH GLIHUHQWHV VLPXODFLRQHV SHUPLWLy HVWXGLDU OD
GLQiPLFD GHO VLVWHPD \ GHILQLU XQD HVWUDWHJLD GH E~VTXHGD HQ
IXQFLyQGHYDULDEOHVTXHHQODELEOLRJUDItDQRVHKDEtDQXWLOL]DGR
/DVYDULDEOHVGHHQWUDGDV3RWHQFLD\&RUULHQWHSHUPLWHQGHIRUPD
VHQFLOOD SODQWHDU XQ FRQMXQWR GH UHJODV TXH DVHJXUDQ XQ FRQWURO
iJLO HQ EDVH D GRV SXQWRV GH OD FXUYD 39 FRPR VH GHVFULELy
RSRUWXQDPHQWH
/D GHILQLFLyQ GHO XQLYHUVR GH GLVFXUVR GH FDGD FRQMXQWR GH
HQWUDGD VH GHILQLy HQ IXQFLyQ GH ODV FDUDFWHUtVWLFDV HOpFWULFDV GH
ORV PyGXORV )9 (O FRQMXQWR GH UHJODV VH UHDOL]y HQ EDVH D OD
YDULDFLyQ GH SRWHQFLD \ OD FRUULHQWH GH WUDEDMR /D YDULDFLyQ GH
SRWHQFLD VH XWLOL]D SDUD GHWHUPLQDU HQ HO 303 PLHQWUDV TXH OD
FRUULHQWH GH WUDEDMR VH XWLOL]D FRPR YDULDEOH UHODFLRQDGD D OD
YHORFLGDG GH FRQYHUJHQFLD \D TXH OD PLVPD FUHFH GH IRUPD
SURSRUFLRQDODODLUUDGLDQFLDTXHOOHJDDORVPyGXORV
(Q OD VLPXODFLRQHV VH PDQLILHVWD XQD JUDQ VXSHULRULGDG GHO






FRQWURO GHVDUUROODGD  UHDOL]D XQ VHJXLPLHQWR ySWLPR (O

















V\VWHPV GXH WR D VXLWDEOH GHVLJQ ZKLFK FRPELQHV VSHHG DQG
DFFXUDF\LQFRQWURO,QWKHSDSHUWKHLQSXWYDULDEOHVDVZHOODVWKH
VHWRIUXOHVWREHXVHGLQWKHFRQWURODUHGHILQHG,QVXFKVHQVHD
SKRWRYROWDLF PRGXOH PRGHO  GFGF FRQYHUWHU ZDV YDOLGDWHG LQ
RUGHU WR SHUIRUP GLIIHUHQW VLPXODWLRQV WR REVHUYH SKRWRYROWDLF
SRZHU YDULDWLRQV LQ GLIIHUHQW RSHUDWLQJ SRLQWV 7KH VLPXODWLRQV
VKRZ WKDW WKH SURSRVHG FRQWURO LV VXLWDEOH DQG EHWWHU WKDQ D
FRQYHQWLRQDO V\VWHP ([SHULPHQWDO PHDVXUHV LQGLFDWH WKDW WKH
UHVSRQVH RI )/& GHYHORSHG XQGHU GLIIHUHQW FRQGLWLRQV IRU
LUUDGLDQFH DQG WHPSHUDWXUH DUH FRUUHFW 7KH ILQDO SK\VLFDO







$OPRQDFLG ) 5XV & +RQWRULD / )XHQWHV 0  1RIXHQWHV * 
&KDUDFWHULVDWLRQRI6LFU\VWDOOLQH39PRGXOHVE\DUWLILFLDOQHXUDOQHWZRUNV
5HQHZDEOH(QHUJ\±
$]]RX]L 0  &RPSDUDLVRQ EHWZHHQ 0337 3	2 DQG 0337 )X]]\
&RQWUROV LQ2SWLPL]LQJ WKH 3KRWRYROWDLF*HQHUDWRU ,QWHUQDWLRQDO -RXUQDO
RI$GYDQFHG&RPSXWHU6FLHQFHDQG$SSOLFDWLRQV9RO1R
%R\G07.OHLQ6$5HLQGO'7'RXJKHUW\%3(YDOXDWLRQDQG




IX]]\EDVHG 0337 IRU WKUHHSKDVH JULGFRQQHFWHG SKRWRYROWDLF V\VWHP
6RODU(QHUJ\±










SRZHU SRLQW WUDFNLQJ WHFKQLTXHV ,((( 7UDQVDFWLRQV 2Q (QHUJ\
&RQYHUVLRQYROSS±
)HPLD1LFROD3HWURQH*LRYDQQL6SDJQXROR*LRYDQQL9LWHOO,0DVVLPR





7UDFNLQJ8VLQJ )X]]\ /RJLF&RQWUROOHU IRU 6RODU3RZHUHG/LJKW)ODVKHU
$SSOLFDWLRQV 7KH WK ,((( ,QWHUQDWLRQDO 0LGZHVW 6\PSRVLXP RQ
&LUFXLWVDQG6\VWHPV
.LQJ '/ %R\VRQ :( .UDWRFKYLO -$  3KRWRYROWDLF  DUUD\
SHUIRUPDQFHPRGHO 6DQGLD 5HSRUW1R 6$1' DYDLODEOH IURP
86 'HSDUWPHQW RI &RPPHUFH 1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH
3RUW5R\DO5G6SULQJILHOG9$




3HUH] (%HOWUDQ+$SDULFLR15RGULJXH] 3  3UHGLFWLYH 3RZHU
&RQWURO IRU 39 3ODQWV:LWK (QHUJ\ 6WRUDJH 6XVWDLQDEOH (QHUJ\ ,(((
7UDQVDFWLRQVRQYROQRSS
5HPXV 7HRGRUHVFX '6 5RGULJXH] 3  39 SDQHO PRGHO EDVHG RQ
GDWDVKHHWYDOXHV,(((,QWHUQDWLRQDO6\PSRVLXPRQ
5XV&DVDV&$JXLODU -'  5RGULJR3$OPRQDFLG)3pUH]+LJXHUDV
3-  &ODVVLILFDWLRQ RI PHWKRGV IRU DQQXDO HQHUJ\ KDUYHVWLQJ
FDOFXODWLRQV RI SKRWRYROWDLF JHQHUDWRUV (QHUJ\ &RQYHUVLRQ DQG
0DQDJHPHQWSS
6KDNLO$.,VPDLO+'HVLJQDQG,PSOHPHQWDWLRQRI0LFURFRQWUROOHU
%DVHG )X]]\ /RJLF &RQWURO IRU 0D[LPXP 3RZHU 3RLQW 7UDFNLQJ RI D
3KRWRYROWDLF 6\VWHP 7K ,QWHUQDWLRQDO &RQIHUHQFH RQ (OHFWULFDO DQG
&RPSXWHU(QJLQHHULQJ,&(&(
9LOODOYD0**D]ROL -55XSSHUW )( 0RGHOLQJDQG FLUFXLW ±
EDVHG VLPXODWLRQ RI SKRWRYROWDLF DUUD\V %UD]LOLDQ -RXUQDO RI 3RZHU
(OHFWURQLFV
;LDR :HLGRQJ 2]RJ 1DWKDQ 'XQIRUG :LOOLDP  7RSRORJ\ 6WXG\ RI
3KRWRYROWDLF ,QWHUIDFH IRU 0D[LPXP 3RZHU 3RLQW 7UDFNLQJ ,(((
WUDQVDFWLRQVRQLQGXVWULDOHOHFURQLFV9RO1
